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The  purpose  of  this  contrsct  is  to  develop  and  evaluate  s  hermeti- 
cally  sealed,  readily  rsproducad,  rschsrgosbls  cadmium  -  si Ivor  oxide  bat* 
tery  having  a  high  lsval  of  reliability  and  performance. 
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IL>AK8Uft 

Development  work  le  being  directed  toward  the  attainment  of  a 
reliable  aaaled  cadmium  -  silver  oxide  battery.  Effort  le  directed  toward 
the  development  of  both  cadmium  -  divalent  silver  oxide  and  cadmium  -  mono¬ 
valent  silver  oxide  cello,  and  studying  the  performance  characteristics  of 
each  system. 

Of  tiie  major  problems  encountered,  probably  the  most  Important 
Is  the  relative  Inconsistency  of  available  separator  materials.  Including 
both  areal  resistance  and  cycle  life  measurements.  Continuous  overcharge 
at  rates  up  to  C/10  have  been  attained,  but  only  at  a  loss  In  capacity  effi¬ 
ciency  of  approximately  35Z.  Problems  of  this  nature  must  be  surmounted 
before  reliable  cadmium  -  silver  oxide  cells  can  be  produced. 


1.  Final  Report,  'Research  Investigations  Loading  to  the  Develop¬ 

ment  and  Evaluation  of  a  Cadbd.ua  *  81  Ivor  Onlde 
Battoxy  Having  a  Hermetically  8oaled  Construe* 
tlon",  (1962)  The  Bagle-Pieher  Company,  Contract 
No.  DA-36-039-SC-85370 

2.  Final  Report,  "Effects  of  Ambient  Tappers furo  on  Performance 

Characteristics  of  Vented  Nickel  *  Cadbdue  Bat¬ 
tery,  BB-422/U",  (1962)  The  laglo-Pichor  Company, 
Contract  No.  DA-36-039-sc-89122 


Location 
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Ft.  Monmouth, 
New  Jersey 


Joplin, 

Missouri 
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J.  K.  Wilson 


J.  F.  Dittnann 
J.  L  Wilson 


The  purpose  of  the  conference  of  October  11,  1962  was  to  discuss 
the  progress  made  during  the  first  quarter  and  the  plans  for  work  to  be  dene 
during  the  second  quarter. 

The  purpose  of  the  conference  of  December  5,  1962  was  to  discuss 
tiie  First  Quarterly  Progress  Report,  the  work  done  during  the  second  quarter, 
end  the  plans  for  work  to  be  done  during  the  third  quarter. 


29 


a.  t«  ivn.  lamkttai 


Immsi  of  tb«  great  importance  of  the  film  typo  ooporotloa  In 
tho  eadnita  -  ollvor  oxide  system,  o  Urge  portion  of  tfao  work  devoted  to 
this  project  will  bo  conducted  In  tho  oroo  of  tho  proear awont  end  mint* 
tion  of  ■onbronoo.  The  work  during  this  quarter  woo  divided  Into  two  areae: 

(1)  Electrical  reeletance  of  membranes 

(2)  Accelerated  ambrane  evaluation. 

la .  ilifitttsfti  Miaasi  si  Xae&uaat 

During  the  flret  quarter,  electrical  reeletance  of  membranes  wee 
aeaeured  at  both  0*  F  and  +80*  F.  Thle  task  Involved  measurements  of  vari¬ 
ous  Feraion  aeabranes  and  cellophane.  During  this  quarter,  these  aeasure- 
aeate  were  extended  to  +120*  F.  Table  No.  IF  contains  data  reported  In 
the  Flrat  Quarterly  Progreas  Report  extended  to  Include  +120*  F  data.  It 
Is  Indicated  In  the  table  that  resistance  figures  on  Feraion  305  and  Cello¬ 
phane  300  could  not  be  calculated  because  of  the  Inaccuracy  of  the  equip¬ 
ment  et  extreaely  low  resistance  values.  No  resistance  Increase  was  noted 
between  the  blank  and  the  actual  asabrane.  The  oha-square  Inch  per  degree, 
or  the  resistance  change  with  temperature,  has  bean  recalculated  to  Include 
the  tawperature  range  of  0*  F  to  +120*  F  (where  possible),  and  Is  shown  In 
tiie  table.  Cellophane  600  is  again  apparently  the  best  asabrane  concerning 
resistance  change  over  a  wide  temperature  range,  and  again  Feraion  302  Is 
tiie  asabrane  whose  resistance  Is  aest  adversely  affected  by  changing  temp¬ 
era  ture. 
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2.  Accelerated  HwibttM  Evaluation 

■valuation  of  multiple  layers  of  membranes  with  and  without  nylon 
by  eye  ling  continued  during  this  quarter,  fable  Do.  T,  (Table  Ho.  II  of 
the  First  Quarterly  Progress  Report  extended)  discloses  the  completion  of 
the  cycling  test  of  two  layers  of  tnsnhrans  and  two  layers  of  nanbrane  with 
nylon.  Noteworthy  Inconsistencies  appear  In  this  table,  the  nost  obvious 
of  which  are  found  In  the  case  of  Cellophane  600  and  Pernlon  303.  These 
two  nanbranes  yielded  no  capacity  Increase  with  the  addition  of  nylon,  and 
a  fewer  nunber  of  cycles  wns  actually  observed  In  the  ease  of  Cellophane 
600.  These  discrepancies  or  Inconsistencies  will  be  discussed  In  asre  de¬ 
tail  later  In  this  section. 

Again,  Cellophane  300  with  nylon  has  yielded  the  greatest  cycle 
life  of  die  nanbranes  tested.  It  was  followed  closely  by  Fermion  1010-X 
with  nylon,  which  yielded  686  cycles,  a  total  of  94.61  of  the  cycles  yielded 
by  Cellophane  300. 

In  conclusion,  it  Is  emphasised  that  while  this  test  la  In  no 
way  a  quantitative  analysis  of  the  cycle  life  of  the  membranes,  it  does 
yield  Indlcatlone  of  relative  cycle  life,  and  if  enough  tests  of  title  nature 
are  performed,  an  overall  average  should  Indicate  the  most  suitable  membrane 
available  for  a  long  cycle  life  cadmium  -  silver  ami da  battery.  This  test, 
coupled  with  electrical  realstance  tests,  should  also  point  out  flaws  In 
the  physical  nature  of  nanbranes  which  would  be  an  aid  In  the  development 
ef  future  membranes. 


IMBMUBfcJ 


(Table  He.  n  of  first 
Quarterly  Progress  Report  ex tended) 


WITHOUT  NTLON 

WITH  HYLON 

ESfll 

Failed  between  Cycles 

43  -  63 

lulled  between  Cycles 

321  -  344 

Failed  between  Cycles 
116-133 

Failed  between  Cycles 
383-408 

Psnrf.00  305 

Failed  after  520 

Failed  after  52C 

Cello.  300 

Failed  between  Cycles 
.  116  -  133 

Vailed  after  715  -  725 

Cello.  600 

Failed  between  Cycles 

383  -  408 

Failed  between  Cycles 

116  -  133  * 

P- 1010-X  **, 

Has  not  run  without  Hylon 

Falls'-  after  686 

*  This  poor  showing  is  thought  to  be  due  to  s  pin  hole  or  teer  in 
the  aeubrane.  Judging  from  the  laprcwawent  in  other  separators 
with  nylon,  this  should  still  be  running. 

**  Persian  1010-X  is  an  experiaental  teflon  file  produced  by  R.A.X. 
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Ai  Indicated  in  the  Schedule  of  Work  section  of  the  first  Quar¬ 
terly  Progress  Report,  e  series  of  test  cells  «m  neat  evaloeted  eootain- 
ing  throe  layers  of  usnbranes.  Those  cells  were  cycled  automatically  et 
a  frequency  of  70  minutes,  a  5 -capers  discharge  for  8.5  minutes  and  a 
charge  of  0.762  ampere  for  61.5  minutes.  The  cycling  schedule  again  repre¬ 
sents  a  discharge  depth  of  25X  with  an  overcharge  of  10%. 

The  membranes  tasted  were  Pend. on  305,  Pension  306,  Pension  307, 
Cellophane  300,  and  Cellophane  600.  Three  layers  of  all  membranes  were 
used  except  Cellophane  600,  where  two  layers  were  used.  Two  layers  of  Cel¬ 
lophane  600  exhibit  approximately  the  same  wet  thickness  as  three  layers 
of  Cellophane  300.  Table  Mo.  VI  contains  a  sunary  of  this  test. 


itm  w.  n 


TTFB  MEMBRANE 

CYCLES  TO  HOUSE 

Fermion  305 

99 

Pension  306 

143 

Fermion  307 

145 

Cellophane  300 

484  * 

Cellophane  600  ** 

484  * 

*  Cellophane  300  and  Callophaaa  600  ara  atill 
cycling;  484  cycles  have  bean  obtained  to 
data* 


**  Cellophane  600  was  tested  using  only  two 
layers. 


Table  Mo*  VI  r area la  the  relative  cycle  life  obtained  free  three 
layera  ef  the  aore  acceptable  Fermion  mambranee  and  Cellophane  300,  and  two 
layers  of  Cellophane  600,  The  table  discloses  the  noteworthy  saperlorlty 
of  the  cellophanes  for  room  temperature  cycling,  as  they  have  completed 
484  cycles,  compered  to  145  for  the  best  of  the  Fermion  membranes  tested. 
Perhaps  the  most  important  observation  from  Table  No.  II  of  the  First  Quar¬ 
terly  Progress  Keport  and  Table  No.  V  of  this  report.  Is  the  inconsistency 
of  the  expected  cycle  life  of  the  Fermion  membranes.  Tor  example,  Mo  layers 
of  Fermion  305,  without  nylon,  yielded  520  cycles,  whereas  three  layers  of 
Fermion  305,  again  without  nylon,  yielded  only  99  cycles*  Differences  of 
this  magnitude  supposedly  far  exceed  the  range  of  experimental  error,  and 
although  some  of  the  Fermion  membranes  appear  very  promising  on  some  tests, 
their  cycle  life  Is  far  exceeded  by  an  equivalent  thickness  or  resistance 
of  cellophane  In  an  Identical  test.  Differences  are  also  observed  In  the 
case  of  the  cellophanes  although  not  of  this  magnitude.  These  differences 
are  a  possible  explanation  of  the  wide  difference  In  actual  cycle  life 
of  control  cells  cycling  under  practically  Identical  circixnstancee. 

Suggestions  will  be  made  to  Radiation  Applications,  Inc.  In  an 
effort  to  help  them  produce  more  consistent  products  as  well  as  more 
superior  products. 


la  ftMrttT  lad  MA&  aaMMMBto 

L,M>r  at  llttu  me  Sill 

A  urlw  of  eight  cells  was  fabricated  end  tested  In  order  to 
determine  the  capacity  performance  characteristics  es  affected  by  the  num¬ 
ber  of  plates  per  cell.  The  plates  were  varied  In  the  06  container  (4.3" 
x  0.75"  x  1.5")  from  three  to  15  to  establish  the  naxlwua  watt-hoars  per 
pound  utilisation  at  low  rates  of  discharge  as  well  as  the  ultimate  In  a 
high  rate  rechargeable  cell  of  this  slse.  Two  cells  of  each  type  were 
tested.  Construction  details  of  these  cells  are  shown  In  Table  No.  VZI. 
Following  activation,  the  cells  were  charged  Individually  at  a  constant 
potential  of  1.55  volts  per  cell  for  48  hours.  Initial  charge  current 
was  limited  to  0.5  ampere.  The  cells  were  discharged  at  a  current  den¬ 
sity  of  0.15  ampere  per  square  Inch  to  an  end  voltage  of  0.60  volt  per 
cell.  Discharge  capacities  as  well  as  watt-hour  per  pound  yields  are 
also  revealed  In  Table  No.  VII. 

The  two  cells  containing  two  positive  and  three  negative  plates 
yielded  the  greatest  ampere-hour  capacity  as  well  as  the  highest  watt- 
hour  per  pound  outputs.  A  possible  explanation  of  their  performance, 
which  was  greater  than  the  cells  containing  only  one  positive  and  two 
negative  plates.  Is  the  relative  Inefficiency  of  charge  and  dlaeharge  of 
extras* ly  thick  plates  even  though  very  low  discharge  rates  are  used. 

It  Is  also  suspected  that  the  plates  of  Cell  Type  Nos.  A-l  and  A-2  were 
never  completely  charged,  thus  explaining  the  low  discharge  efficiencies 
of  both  types  of  cells. 

A-4  cells  will  be  fabricated  during  the  next  quarter,  as  well 
as  obtaining  various  tetq>exature  charge  and  discharge  data  for  this  group 
of  cells. 
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2.  Studies  of  Msitive-tO-Meeative  Active  Material 

htta  it  Tirlfflii  Titrmirti 

A  series  of  cells  wi  fabricated  In  an  effort  to  aatablish  an 
optimum  call  for  a  cycling  operation  at  *20*  V  and  +120*  V.  fact  studlao 
bare  revealed  the  optima  positive-to -negative  ratio  by  efficiency  teeta 
to  be  *95:1  for  *20*  F,  1*6:1  for  +80*  F,  and  1*45:1  for  +120*  F  opera¬ 
tion.  Iheee  calculatlona  were  made  using  Figure  Hoe.  79  and  80  of  the 
Final  Report  of  Contract  Ho.  D4-36-039-sc-85370 ,  and  aseuning  the  nono¬ 
va  lent  oad.de  to  be  50X  aa  efficient  at  each  temperature  aa  the  divalent 
silver  codde*  These  active  naterlal  ratios  were  calculated  for  cells 
operating  at  the  cafaium  -  monovalent  silver  oxide  capacity  level*  A 
total  of  eight  cells  was  fabricated*  Four  of  the  cells  were  designed  to 
operate  at  -20*  F  and  four  at  +120*  F.  All  of  the  C-6  else  cells  contained 
nine  plates  and  were  separated  In  an  Identical  manner.  The  separation 
consisted  of  one  wrap  of  nylon*  six  wraps  of  300  Cellophane*  and  one  wrap 
of  R-35-D  Vlskon. 

Initial  room  temperature  discharges  revealed  that  die  cells 
designed  for  +120*  F  operation  outperformed  the  -20*  F  cells  on  a  capac¬ 
ity  basis.  The  +120*  F  cells  yielded  an  average  capacity  of  9.2  ampere- 
hours*  and  the  -20*  F  cells  yielded  6*25  ampere-hours*  These  results 
are  as  expected  because  of  the  positive  limitation  of  the  -20*  F  cells 
for  +80*  F  operation*  However*  when  recharged  at  room  temperature  and 
discharged  at  -20*  F,  the  cells  designed  for  +120*  F  again  outparfoxmad 
the  cells  designed  for  -20*  F  operation.  The  -20*  F  designed  cells 
yielded  3.06  ampere-hours*  and  the  +120*  F  cells  yielded  4.25  ampere- 
hours.  This  fact  can  possibly  be  explained  by  the  efficiency -of-charge 
of  die  two  different  cells. 
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Because  o£  the  greater  amount  of  poeltlve  material  in  the  +120*  V 
cel  la,  both  the  poeltlve  and  negative  groups  were  able  to  attain  a  greater 
overall  charge  than  the  >20*  F  cells.  Aa  a  further  explanation,  even 
though  the  -20*  F  cells  had  theoretically  enough  negative  material  to  sus¬ 
tain  a  discharge  exceeding  the  negative  material  of  the  +120*  F  design. 

It  was  Impossible  to  charge  this  material  whl la  the  cells  were  sealed, 
and  although  the  balances  aa  used  were  probably  optimum  for  a  vented  cad¬ 
mium  -  silver  oadde  cell  (which  could  be  overcharged) ,  they  lacked  optimum 
qualities  for  a  sealed  cell. 

Following  their  discharge  at  -20*  F,  It  was  planned  to  recharge 
the  cells  at  room  temperature  and  obtain  a  +120*  F  discharge  on  the  cells 
following  a  room  taaperature  charge.  The  +120*  F  discharge  was  not  attained 
because  the  cells  were  Inadvertently  ruined  during  their  room  temperature 
charge.  The  cells  were  ruined  by  overcharging  at  a  constant  potential 
which  was  mistakenly  set  at  16.0  volts  Instead  of  the  12.8  volts.  The 
overcharge  resulted  In  very  bad  bulging  of  the  covers  and  unsupported 
sides  of  the  cells,  leaving  the  cells  unsafe  for  further  testing. 


During  this  quarter,  efforts  ware  directed  toward  aatabllshlng 
the  proper  quantity  of  alactrolyto  for  both  high  recombination  rata  and 
capacity  for  various  combinations  of  separator  materials.  Several  types 
of  separator  materials  wars  used,  including  seme  of  the  more  promising 
Permlon  membranes  which  have  been  proved  to  be  superior  to  cellophane  for 
high  temperature  applications. 

is  flauaagttga 

The  cells  tested  were  fabricated  In  six  groups  with  a  total  of 
four  cells  in  each  group.  Two  cells  from  each  group  were  constructed  with 
pressure  gauges,  and  all  cells  were  sealed  with  the  nylon-teflon  pressure 
type  seals.  A  typical  high  rate  construction  of  seven  positive  plates  and 
eight  negative  plates  was  designed  In  order  to  obtain  a  large  surface  area 
of  active  cadmium  for  recombination  to  occur.  In  addition,  three  4/0, 

•005  inch  expanded  nickel  grids  (the  sane  slse  as  the  plates)  were  dis¬ 
persed  throughout  the  negative  group  and  in  contact  with  the  cahdum  plates. 
The  grids,  Which  have  been  evaluated  In  earlier  work,  apparently  Increase 
the  availability  of  cadmium  and  thereby  Increase  recombination.  The  cells 
were  fabricated  from  unformed  silver  plates  weighing  0.77  gram  per  square 
Inch,  giving  a  theoretical  capacity  of  8.5  ampere-hours  with  respect  to 
divalent  silver  oxide  capacity.  The  unformed  negative  plates,  cadmium 
amide,  weighed  1.7  grams  per  square  Inch,  giving  a  theoretical  capacity 
of  18.8  ampere-hours,  and  a  practical  capacity  (If  folly  charged)  of 
approximately  9.4  ampere-hours.  Detailed  construction  variables  of  each 
cell  are  shown  in  Table  Mo.  VIII. 


The  only  variable  within  a  particular  group  Is  tha  amount  of 
electrolyte  In  each  call.  The  calls  ware  activated  In  tha  following  man¬ 
ner:  Call  Mb.  1  from  each  group  wac  flooded  with  1.300  sp  gr  ROB  under 
a  vacuum  of  26  Inches.  After  a  soak  period  of  one  hour,  the  call  was 
drained  under  a  vacuum  of  26  inches  so  that  the  only  electrolyte  remaining 
was  that  which  wus  retained  In  the  separation  and  the  pores  of  the  plates. 
The  remaining  three  cells  from  each  group  were  then  activated  with  1  cc 
each  less  electrolyte  than  tha  preceding  cell  nusiber.  For  example,  Cell 
Mo.  1  of  Group  Mo.  H  was  activated  with  23  cc,  Cell  Mo.  2  was  activated 
with  22  cc,  Cell  Mo.  3  with  21  cc,  and  Cell  Mo.  2  with  20  cc. 
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table  NO.  VIII 


CONSTRUCTION  VARIABLES  AND  OVERCHARGE 
TEST  SUMMARY 


GROUP  NO. 

H 

i 

F 

CELL  NO. 

1 

2 

3 

n 

1 

2 

3 

m 

1 

2 

3 

H 

1 

SEPARATION 

9526  Nylon 

307  Perroion-40/30  (six 
wraps)  & 

R-35-D  Viskon 

9526  Nylon 

307  Permion-40/20  (six 
wraps)  & 

R-35-D  Viskon 

9526  Nylon 

307  Permion-40/45  (six 
wraps)  & 

R-35-D  Viskon 

9526  Nylo 
40/45  (th: 
Cello,  (tl 
R-35-D  Vi 

n 

re 

hi 

sV 

23 

22 

21 

20 

24 

i 

23  i 

D 

23 

22 

21 

1 _ _  .  _ 

20 

- .  i 

23 

2 

CAPACITY,  A.H. 
FIRST  DISCHARGE 

5.6 

H 

2.6 

5.6 

m 

5.3 

2.3 

5.5 

m 

D 

4.1 

2 

MAX. VOLT. -PRES¬ 
SURE  @  FOLLOWING 
CHARGE  RATES: 
(Volts-PSIG) 

i 

! 

0.10  ampere 

1.78-  8 

1.56 

1.68-0 

1.52 

1.73-  2 

1.46 

1.71-1 

1.52 

1.53-54.5 

1.52 

1.54-17 

1.52 

1.82-33.5 

0.20  ampere 

1.96-  27 

1.56 

1.97-0 

1.56 

1.93-100 

1.53 

2.02-1.5 

1.99 

1.58-100 

1.54 

1.57-42.5 

1.53 

1.76-67.5 

0.23  ampere 

1.82-100+ 

1.59 

1.99-0 

1.59 

* 

1.56 

1.98-2 

2.15 

■> 

1.55 

1.58-58.5 

1,54 

1.84-67.5 

0.30  ampere 

■>v 

1.60 

2.01-0 

1.65 

- 

1.57 

2.18-1.5 

2.38 

- 

1.57 

1.60-89.5 

1.55 

1.81-68 

0.33  ampere 

- 

1.58 

2.01-0 

1.64 

- 

1.56 

2.14-1.5 

2.42 

- 

1.58 

1.65-93 

1.56 

1.85-68 

0.40  ampere 

- 

1.67 

1.99-0 

1.78 

- 

1.68 

7 . 60-0** 

3,09 

- 

1.59 

1.68-105 

1.58 

1.96-68 

0.45  ampere 

- 

1.70 

•/V 

1.92 

- 

1.64 

- 

* 

1.60 

1.60 

2.06-67.5 

0.50  ampere 

- 

1.75 

- 

2.12 

- 

1.59 

- 

- 

1.60 

- 

1.60 

2.02-67.5 

0.55  ampere 

- 

1.82 

- 

2.48 

- 

1.60 

- 

- 

_ i 

1.63 

- 

1.66 

1.98-67.5 

NOTE:  Cell  Nos.  1  and  3  of  each  group  contain  pressure  gauges* 

*  Removed  from  circuit  on  preceding  overcharge* 

**  This  cell  was  removed  from  circuit*  Apparently,  it  developed  a  leak. 


TABLE  NO.  VIII 


ACTION  VARIABLES  AND  OVERCHARGE 
TEST  SUMMARY 


F 

G 

J 

K 

2 

3 

4 

1 

2 

3 

B 

1 

2 

3 

n 

1 

2 

3 

a 

i 

3n-40/45  (six 

skon 

9526  Nylon  307  Pennion- 
40/45  (three  wraps)  300 

Cello,  (three  wraps)  & 

R-35-D  Viskon 

307  Pennion-40/30 
(seven  wraps)  & 

R-35-D  Viskon 

9526  Nylon 

300  Cello,  (six  wraps)& 
R-35-D  Viskon 

j  22 

21 

20 

23 

22 

21 

20 

23  — 

22 

21 

20 

24 

23 

_ 

n 

22 

21 

m 

5.5 

|Q 

4.1 

2.1 

2.3 

0.3 

5.26 

2.46 

4.06 

2.46 

5.06 

m 

2.2 

___ — < 

0 

1.52 

1.54-17 

1.82-33.5 

1.52 

1.79-4 

1.52 

1.89-  1 

1.52 

1.86-1 

1.54 

1.53-39 

1.53 

1.53-31.5 

1.55 

1.54 

1.57*42.5 

1.53 

1.76-67.5 

1.54 

1.92-14 

1.55 

1.98-  2 

1.55 

1.97-3 

1.62 

1.54-98 

1.54 

1.54-78 

1.75 

1.55 

1.58*58.5 

1.54 

1.84-67.5 

1.56 

1.94-20 

1.56 

1.98-  2.5 

1.58 

1.98-4.5 

1.85 

* 

1.55 

1.55-69 

2,86 

1.57 

1.60*89.5 

1.55 

1.81-68 

1.56 

1.97-27.4 

1,57 

1.98-  4 

1.66 

2.04-5 

2.09 

- 

1.55 

1.54-86 

2.93 

1.58 

1.65-93 

1.56 

1.85-68 

1 

1.57 

1.99-41 

1.59 

2.04-  4.5 

1.68 

1 

2.08-6 

2.0 

- 

1.56 

1.55-93.5 

** 

1.59 

1.68-105 

1.58 

1.96-68 

1 . 57 

i 

2.01-32 

1.61 

2,46-14.5 

1.69 

2.15-4.5 

1.94 

1.57 

- 

1.60 

is 

1.60 

1.57 

1.98-14 

1.63 

2.40-  7.5 

1.80 

2.14*2 

2.12 

1.61 

- 

i 

1.60 

- 

1.60 

2.02-67.5 

1.57! 

1.90-  7 

1.64 

2.41-  6.5 

1.78 

2.16-2 

2.02 

- 

1.62 

- 

l 

1.63 

- 

1.66 

1.98-67.5 

1.61 

1.98-10 

1.73 

2.63-  4 

1.85 

2.27-2 

2.16 

- 

1.68 

- 

:  - 

essure  gauges. 

Se. 

ently,  it  developed  a  leak. 


It  Tasting 

Following  activation  and  sealing,  all  cells  were  charged  at  a 
constant  current  of  0.5  ampere  to  an  on-charge  voltage  of  1.65  volts  per 
cell.  They  were  then  given  a  discharge  so  that  their  initial  capacities 
could  be  determined.  These  capacities  are  presented  in  Table  Ho.  VIII. 

It  can  be  observed  that  in  general,  decreasing  electrolyte  volume  below 
that  amount  held  by  the  pores  of  the  plates  and  separation  decreases  cell 
capacity.  This  is  a  reasonable  result  since  theoretically,  one  mole  of 
water  is  consumed  during  the  discharge  of  one  mole  of  cadmium.  It  is  be¬ 
lieved  that  this  consumption  of  water  hastens  polarisation  due  to  the  loss 
of  electrolyte  at  the  interface  of  the  negative  plates.  This  consumption 
is  equivalent  to  0.33  gram  of  water  per  ampere-hour  of  cadmium  discharged. 
It  can  be  observed  in  the  table  that  in  every  case,  capacity  is  not  de¬ 
creased  with  decrease  in  electrolyte  volume  being  perhaps  associated  with 
other  inherent  variables.  The  overall  drop  of  3  cc  in  each  group  yields 
an  average  loss  of  1.2  ampere-hours  per  cubic  centimeter  of  1.300  sp*  gr. 
KOH  removed.  Therefore,  the  overall  percentage  loss  in  capacity  is  707, 
due  to  the  loss  of  3  cc's  of  electrolyte.  (These  data  were  calculated 
from  maximum  and  minimum  capacity  data  in  Table  Ho.  VIII.) 

After  initial  capacities  were  determined,  it  was  decided  to  de¬ 
termine  the  maximum  overcharge  rate  of  each  cell  so  that  this  information 
could  be  correlated  with  capacity,  and  an  optimum  set  of  design  informa¬ 
tion  attained. 

Overcharge  testing  was  Initiated  at  a  rate  of  which  it  was 
assisted  that  all  of  the  cells  would  accept.  The  initial  rate  of  overcharge 
was  established  at  0.1  ampere,  or  the  60-hour  charge  rate  of  the  higher 


44 


capacity  calls,  the  cells  were  then  charged  at  this  rate  for  60  hours, 
and  all  cells  accepted  this  rate  of  overcharge  without  exceeding  3.0  volts 
per  cell,  or  100  pslg  pressure.  The  charge  current  was  then  increased  to 
0.2  ampere.  The  cells  were  charged  at  this  rate  for  24  hours.  The  charge 
rate  was  then  raised  In  Increments  of  0.05  ampere  on  acceptable  cells. 

Each  current  was  applied  to  the  fully  charged  cells  for  24  hours.  Table 
No.  VIII  gives  a  stannary  of  the  maximum  voltages  and  pressures  attained 
by  the  cells  at  each  charge  rate. 

It  can  be  observed  that  only  two  of  six  of  the  cells  with  the 
maximum  amount  of  electrolyte  would  overcharge  at  0.55  ampere,  the  maxi¬ 
mum  rate  tested.  All  six  cells  of  the  type  activated  with  one  cc  less 
electrolyte  than  would  be  held  by  the  pores  of  the  plate  overcharged  satis¬ 
factorily  up  to  the  0.55  ampere  rate.  Two  of  the  six  cells  containing 
two  cc'a  less  than  that  held  by  the  pores  of  plates  and  separators  accepted 
a  continuous  overcharge  at  0.55  ampere,  and  four  of  the  six  cells  containing 
three  cc's  less  than  that  held  by  the  pores  of  the  plates  and  separation 
passed  the  test. 

The  cells  containing  the  greatest  quantity  of  electrolyte  yield 
greatest  capacity  and  energy  per  unit  weight,  and  from  past  experience, 
the  cells  with  a  small  volume  of  electrolyte  yield  the  best  continuous 
overcharge  characteristics.  However,  if  the  test  were  terminated  at  this 
point,  it  would  be  obvious  that  one  cc  less  than  that  held  by  the  core 
would  be  the  optima  amount  of  electrolyte  both  for  best  capacity  and 
maximum  continuous  overcharge. 

The  tests  will  be  continued  until  more  extensive  conclusions 
can  be  made  as  to  maximum  attainable  overcharge  rate,  as  well  as  the 
maximum  overcharge  rate  for  the  best  cells  of  each  group. 
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D.  Environmental  Testing 


A  large  portion  o£  the  work  performed  on  thie  contract  will  be 
an  attempt  to  define  the  operating  characterlstlca  of  sealed  cadmium  - 
silver  oxide  cells  developed  under  Contract  No*  DA-36-039-SC-85370 ,  and 
refined  under  this  contract.  A  discussion  of  these  tests  and  data  ob¬ 
tained  from  them  follows. 

1.  Cycle  Life  Performance  of  Control  Cells 
It  was  decided  to  cycle  test  control  cells  at  various  constant 
temperatures  and  different  discharge  depths.  The  first  cycling  test  Is 
being  performed  at  a  constant  temperature  of  +80*  F.  The  cycling  frequency 
consists  of  four  hours  charge  and  two  hours  discharge.  The  discharge  depth 
of  three,  ten-volt  batteries  has  been  set  at  six,  four,  and  two  ampere- 
hours,  respectively.  These  depths  of  discharge  are  equivalent  to  60%, 

401,  and  20%  of  the  actual  capacity  of  the  batteries.  The  test  tempera¬ 
ture  of  the  batteries  Is  maintained  at  +80*  F  ±  2*  F  by  means  of  cooling 
coils  and  heaters  as  was  discussed  in  the  previous  report.  Other  details 
of  the  test,  equipment,  and  construction  details  of  the  batteries  are  dis¬ 
cussed  In  the  First  Quarterly  Progress  Report  of  this  contract. 

At  the  writing  of  this  report,  the  batteries  cycling  at  20%  and 
40%  of  their  actual  capacity  have  successfully  completed  273  cycles.  Fail¬ 
ures  due  to  cell  reversals  of  the  battery  cycled  at  60%  discharge  depth 
occurred  as  revealed  In  Table  Mo.  IX. 


46 


PMJB  NO.  n 


CELL  FAILURES  0?  BATTERY  NO.  Ill 
(60X  Discharge  Depth) 


CELL 

HWBER 

CYCLES  TO  FAILURE 

BY  REVERSAL 

83 

75 

89 

76 

81 

84 

90 

84 

82 

95 

86 

111 

84 

127 

87 

132 

85 

222 

88 

222 
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All  failures  observed  were  apparently  due  to  capacity  lose  ae 
none  of  the  cells  contained  shorts  of  noticeable  magnitude.  After  each 
failure,  the  failed  cell  was  recharged  and  allowed  to  remain  on  open  cir¬ 
cuit.  Mo  loss  In  open  circuit  voltage  has  appeared  in  any  of  the  failed 
cells. 

It  Is  possible  that  the  constant  potential  of  15.5  volts  was  not 
sufficient  to  maintain  complete  charging  of  Battery  Mo.  Ill  when  operating 
at  the  607.  depth  of  discharge.  Perhaps  the  constant  potential  could  be 
increased  slightly  and  compensate  for  the  inefficiency  of  charge.  If 
this  is  the  cause  of  failure,  the  cells  could  still  be  made  to  deliver 
useful  capacity.  It  Is  planned  to  remove  the  cells  from  the  oil  bath, 
give  them  a  conditioning  charge  and  discharge,  and  return  them  to  the 
cycling  apparatus  at  a  constant  potential  of  16.5  volts. 

The  remaining  two  batteries  are  being  monitored  carefully,  with 
the  end  of  discharge  voltage  being  recorded  once  each  day.  As  of  the 
writing  of  this  report,  none  of  the  cells  are  apparently  near  failure. 

Tests  similar  to  those  discussed  above,  carried  out  under  M.A.S.A. 
Contract  No.  MAS  5-1318,  were  continued  during  this  quarter.  The  batteries 
were  cycled  at  a  100-mlnute  frequency,  60  minutes  charge  and  40  minutes 
discharge.  The  depth  of  discharge  was  10X  of  die  actual  battery  capacity. 
The  batteries  operating  at  480*  F  and  420*  F  continued  to  cycle.  Cells 
from  the  battery  operating  at  480*  F  have  completed  4300  cycles.  One  cell 
was  removed  after  4061  cycles  because  of  reversal  during  discharge.  The 
reason  for  failure  is  not  exactly  known  as  the  cell  has  not  been  removed 
from  the  package.  Extremely  low  charge  and  discharge  voltages  observed 
lmnediately  before  failure  Indicate  the  possibility  of  shorting.  The  re¬ 
maining  five  cells  have  completed  4300  cycles  to  date. 
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The  ten-cell  battery  cycling  at  +20*  7  haa  completed  5017  cycle*. 
Low  charge  end  discharge  voltages  for  two  of  the  cells  Indicate  the  approach 
of  failure.  Cycling  of  this  battery  will  continue,  and  will  be  discussed 
during  the  following  quarterly  report. 

A  discussion  of  die  effect  of  cycling  temperature  on  the  life  of 
a  cadbium  -  silver  oxide  battery  was  presented  In  the  First  Quarterly  Prog¬ 
ress  Report  on  this  contract.  Data  obtained  during  this  quarter  indicate 
that  the  effect  was  minimised  In  the  first  discussion.  More  realistic  con¬ 
clusions  will  be  reported  when  the  test  has  been  completed. 

Data  on  single  cell  tests  reported  under  Contract  No.  DA-36-039- 
sc-85370  have  indicated  excellent  retentlon-of-charge  characteristics  for 
sealed  cadmium  -  monovalent  silver  oxide  cells.  Because  of  these  Indica¬ 
tions,  an  extensive  test  program  has  been  initiated  In  order  to  fully  de¬ 
fine  the  self-discharge  characteristics  of  sealed  cells  operating  at  the 
cadmium  -  monovalent  silver  oxide  capacity  level. 

Data  was  presented  in  the  First  Quarterly  Progress  Report  re¬ 
vealing  capacity  retention  as  affected  by  storage  time  up  to  three  week* 
at  temperatures  of  +165*  F,  +120*  F,  +80*  F,  0*  F  and  -65*  F.  Table  No.  X 
reveals  capacity  retention  for  a  storage  period  of  up  to  three  months.  As 
revealed  in  the  table,  the  cells  would  not  deliver  useful  capacity  fol¬ 
lowing  a  storage  period  of  six  weeks  at  +165*  F.  Only  one  of  the  three 
cells  stored  at  +120*  F  for  three  months  delivered  a  capacity.  The  cell 
that  delivered  a  capacity  at  +120*  F  delivered  only  12.5%  of  its  initial 
capacity.  The  one  cell  tested  after  a  storage  period  of  six  weeks  de¬ 
livered  only  17.3%  of  its  initial  capacity.  "Post  mortem"  inspection  of 
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am  wo,  y 


ffluaaasa&EflL  nHABArTgBTRTTrs 


CEU. 

I0MBER 

CAPACITY  AFTER 

1  WEEK 
-A.H.- 

CAPACITY  AFTER 
3  WEEKS 
-A.H.- 

1 

7.25  -  68%  * 

mmm 

2 

— 

5.25  -  49.3% 

49 

7.16  -  67.3% 

— 

50 

+120 

•sees 

7.66  -  72% 

37 

+80 

10.25  -  96.31 

•«*«* 

38 

+80 

— 

8.35  -  78.2% 

13 

0 

10.66  -  99.9% 

— 

14 

0 

mmm 

10.58  -  99.3% 

26 

-65 

10.6  -  99.5% 

••• 

27 

-65 

— 

10.75  -  101% 

CAPACITY  AFTER 

-A.K.- 

■■m 

5 

+165 

0 

mmm 

6 

+165 

0 

mmm 

7 

+165 

0 

mmm 

71 

+120 

1.85  -  17.3% 

mmm 

72 

+120 

mm** 

1.33  -  12.5% 

73 

+120 

— 

0 

74 

+120 

asaeaa 

0 

39 

+80 

9.94  -  93.2% 

— 

40 

+80 

9.75  -  91.5% 

41 

+80 

mmm 

10.50  -  98.7% 

42 

+80 

8.90  -  83.5% 

15 

0 

10.85  -  101.9% 

mmm 

16 

0 

— - 

1C.1  -  94.9% 

17 

0 

mmm 

9.51  -  89.5% 

18 

0 

mmm 

9.40  -  88*3% 

28 

-65 

mm 'm 

9.1  -  85.5% 

29 

-65 

mmm 

9.6  -  90.2% 

30 

-65 

mmm 

10.6  -  99.5% 

*  The  second  figure  shorn  In  the  capacity  column 
represents  the  percentage  of  full  capacity 
yielded*  Full  capacity  used  in  these  calculations 
was  10*67  ampere-hours. 
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the  cells,  after  it  wi  found  that  they  would  not  talc*  a  charge,  revealed 
a  comp late  deterioration  of  the  cellophane  separator  notarial,  resulting 
in  electronic  shorting  of  the  cells.  In  the  future,  cells  fabricated  for 
operation  or  storage  at  +120  to  +165*  F  for  three  weeks  or  longer  should 
be  separated  with  multiple  layers  of  one  of  the  Fermion  membranes.  These 
membranes  have  exhibited  high  temperature  stability  superior  to  that  of 
cellophana. 

Of  the  cells  stored  at  +60*  F,  after  six  weeks  storage,  Cell 
Mo.  39  retained  93.2%  of  its  initial  capacity.  After  a  storage  period 
of  three  months,  the  three  cells  tested  delivered  91.5,  98.7,  and  83.5% 
of  their  Initial  capacity.  This  is  an  average  of  91.2%,  or  excellent 
charge  retention. 

As  was  expected,  the  cells  stored  at  0*  F  and  -65*  F  again 
exhibited  excellent  charge  retention  characteristics.  The  cells  stored 
at  0*  F  retained  an  average  of  90.9%  of  their  Initial  capacity,  and  those 
stored  at  -65*  F  retained  91.2%. 

Since  no  appreciable  capacity  losses  have  been  observed  due  to 
storage  at  0*  F,  it  is  presumed  that  similar  or  even  smaller  losses  will 
occur  at  -65*  F.  Therefore,  during  the  next  quarter,  the  remaining  cells 
stored  at  >65*  F  will  be  placed  in  +165*  F  and  +120*  F  storage  in  order 
to  more  fully  define  capacity  retention  between  three  weeks  and  six  weeks 
storage  at  these  temperatures. 

In  general,  the  teats  are  revealing  excellent  storage  properties 
of  the  cadmium  -  monovalent  silver  oxide  system  at  temperatures  of  +60*  F 
or  lower. 
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The  storage  characteristics  at  greater  than  room  temperatures 
era  apparently  superior  to  sine  *  sliver  oxide  cells  as  well  as  nickel  • 
cadmium  cells.  Storage  tests  will  continue  such  that  sufficient  data  will 
be  obtained  to  fix  charge  retention  versus  storage  time  characteristics 
at  the  various  temperatures. 

E«  -Byragtic  gy.l 

As  was  discussed  in  the  First  Quarterly  Progress  Report,  samples 
of  ceraaic-to-metal  hermetic  seals  have  bean  obtained  from  the  Carborundum 
Company.  Latrobe.  Pennsylvania,  and  the  Physical  Sciences  Corporation, 
Pasadena,  California.  During  thle  quarter,  samples  have  been  obtained 
from  Coots  Porcelain  Company,  Golden,  Colorado. 

Samples  from  all  three  companies  have  been  evaluated  by  covering 
the  ceramic  material  with  1.300  sp.  gr.  KDH,  60  psig  oxygen.  In  an  empty 
cell  container,  while  the  container  and  contents  are  maintained  at  4-165*  F. 
The  sea  la  manufactured  by  the  Carborundum  Company  and  Coors  were  apparently 
unaffected  by  a  60 -day  storage  period  under  the  above  conditions.  The 
eeals  obtained  from  Fhyalcal  Sciences  Corporation  failed  after  an  average 
teet  duration  of  one  weak.  In  a  conference  with  P.S.C.  personnel,  the 
possibility  was  introduced  that  the  rapid  failure  might  be  due  to  cracking 
the  Insulator  material  during  welding  due  to  an  Inadequate  heat  sink. 

This  theory  was  not  tasted,  however,  as  another  group  of  P.S.C.  seals 
felled  after  submersion  In  1.300  sp.  gr.  KDH  for  a  period  of  three  weeks. 
These  failures  could  not  have  been  due  to  cracking  the  Insulating  material, 
as  the  glass  was  entirely  etched  away  in  soma  cases.  P.8.C.  has  been  noti¬ 
fied  of  the  failures  and  are  In  the  process  of  trying  to  duplicate  their 
original  Insulating  material  which  was  reported  to  be  unaffected  by  a 
storage  period  of  five  weeks  In  SOX  R0H  at  a  temperature  of  +165*  F. 
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Fifty  production  covers  with  two  ceramic- to-met* 1  seals  in  each 
cover  have  been  received  from  Coors,  and  have  been  Incorporated  into  the 
06  cell  design  and  ara  presently  being  evaluated  in  cell  usage.  The.  re¬ 
sults  obtained  to  data  have  been  completely  satisfactory.  The  results  will 
be  evaluated  and  reported  in  future  reports. 

Samples  have  also  been  obtained  from  Gladding -Me Bean  Ceramics 
Company,  Los  Angeles,  California.  These  seals  are  of  the  high  abasias 
type  which  are  apparently  satis  factory.  These  seals  will  be  evaluated 
during  the  third  quarter. 
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Y.  fiPWUBiag. 

1.  Cellophane  600  exhibit*  the  nost  stable  reels tenee  of  the 
nenbrenes  tested  over  the  temperature  range  of  0*  F  to  +120*  F« 

2.  Two  layers  of  Cellophane  300  yielded  more  cycles  than  two 
layers  of  any  other  membrane  and  nylon  tested.  (Two  layers  of  Cellophane 
600  presumably  should  yield  more,  but  it  did  not  in  this  particular  test.) 

3.  Gross  inconsistencies  far  exceeding  experimental  error  have 
been  observed  in  cycling  membranes . 

4.  loom  temperature  discharges  of  ,'C-6"  cells  indicate  that  the 
five -plate  cells  have  the  highest  energy  output  per  unit  weight  of  the 
cells  tested. 

5.  Sealed  cell  studies  of  positlve-to-negative  active  material 
ratio  reveal  that  the  same  ratio  would  not  be  used  for  sealed  cells  as 
would  be  used  for  vented  cells. 

6.  Continuous  overcharge  up  to  the  C/10  rate  has  been  achieved 
at  the  expense  of  a  351  capacity  loes  due  to  limiting  of  the  electrolyte 
▼olisne. 

7.  Cycle  life  of  "C-6"  cells  at  a  601  actual  discharge  depth, 
six-hour  cycling  frequency,  apparently  varies  from  75  to  222  cycles. 

8.  Standard  "C-6"  cells  will  not  yield  e  useful  capacity  after 
a  storage  period  of  six  weeks  at  +165*  F,  or  Area  months  at  +120*  F. 

9.  Ceramlc-to-metal  hermetic  seals  obtained  from  Coors  Porcelain 
and  The  Carborundum  Company  have  passed  accelerated  evaluation  tests. 
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The  program  plannad  for  tha  next  quarter  will  proceed  as  It  hae 
been  achedulad.  The  following  la  an  outline  of  this  work: 

Ai  JasaamaUL  tr  Ian  insulation 

The  relative  cycle  life  studies  of  various  films  will  continue. 
Cycling  of  three  layers  of  membranes  will  be  completed  during  this  quarter. 
Relative  resistances  of  multiple  layers  of  membranes  at  +80*  F  will  be 
determined. 

If  time  permits,  an  evaluation  of  combinations  of  membranes  In 
sealed  cell  assemblies  will  be  Initiated. 

B.  Capacity  and  tmnr««Mnr. 

Studies  of  capacity  performance  of  '£-6"  cells  In  which  the 
masher  of  plates  per  cell  were  varied  from  three  tc  15  will  continue. 

The  capacity  performance  studies  will  be  extended  over  the  temperature 
range  of  >60*  F  to  +120*  F. 

9 1  »+nts  ifi  Recombination 

Overcharge  studies  of  cells  discussed  In  this  report  will  be 
completed.  An  evaluation  of  the  following  methods  of  improving  recombina¬ 
tion  will  also  be  made: 

1.  Silver  plate  Inside  of  can. 

2.  Use  nickel  grid  Insert  in  can. 

3.  Add  silver  to  the  cadmium  plate. 

4.  Faste  CdO  on  only  ooe  side  of  the  grid,  exposing  the  other 
side  to  grid  metal. 

5.  Use  thin  Pellon  in  place  of  R-35-D  Vlskon. 

6.  The  use  of  various  mechanical  approaches. 
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P.  teteawtil  Into 

Cycle  life  performance  testing  of  "C-6"  cells  operating  at  the 
cadmium  -  monovalent  silver  eodde  capacity  level  at  a  constant  temperature 
of  +80*  7  will  continue.  An  effort  vill  be  made  to  initiate  cycle  testing 
of  similar  batteries  at  0*  7  and  +120*  7. 

Retentlon-of-charge  testa  will  continue.  Cells  on  stand  at 
•60*  7  will  be  placed  on  stand  at  +120*  7  and  +165*  7  in  order  to  more  fully 
evaluate  self •discharge  charaeterietics  over  time  periods  up  to  sis  weeks. 

Rapid  evaluation  testing  of  ceremlc«to"metal  seals  obtained  from 
Gladdlng-McBean  will  be  initiated  during  the  third  quarter.  Evaluation  of 
Coots'  seals  in  sealed  cell  assemblies  will  also  continue. 
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Listed  below  are  tha  personnel  who  worked  on  the  contract  daring 
the  second  quarter,  their  job  titles,  and  the  number  of  hours  contributed: 


mi _ xau _ wm-rora? 


Wilson,  J. 

Project  Engineer 

420 

Dittaaim,  I, 

Engineering  Supervisor 

90 

Morse,  B. 

Engineering  Manager 

40 

Swanson,  K. 

Assistant  Engineer 

264 

Pope,  L. 

Assistant  Engineer 

61 

Kemohan,  T. 

Technician 

m ZUI 

^  TOTAL  .... 

...  1,406-1/2 

Sealed  Ag-Cd  Development  -  Work  Schedule  -  FA212 _ 
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